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SUMMARY
This bulletin describes different types of wet land in Oregon, the
need and value of drainage for each type and experiments to determine
the most suitable depth, distance apart, and sizes for field drains, as well
-as methods of installation- and cost, and also gives information regarding
the drainage situation in Oregon in general.
There is in the State a great variety of wet lands of which three
classes are easily chief; namely, white land, marsh land, and alkali land.
Drainage of much of this wet area appears to be feasible, as good quantities of plant food and friable layers have been found therein.

The aim in drainage shold be to get the most drainage at the
I-east cost, to secure the highest possible efficiency for every hundred feet
of tile employed.

Subsoils are more important than surface soils in determining
drainage qualities of land. A study should be made of subsoil and groundwater conditions and the drains s located as to encounter excess .water
in the most porous layers.

Studies of subsoil and ground water in white land generally show
a friable streak of 33 to 36 inches depth and show also that tile placed in
these areas have lowered the water table most promptly. The water

table is lowered for 25 to 30 feet back from the tile within twenty-for
hours after saturation.
A depth of about 36 inches and distance between tile lines of 60
to 66 feet has been found most effective 1or lateral drains in typical white
land, while deeper drains are desirable in the less retentive areas.
Experiments indicate a suitable depth for tile to be 4 feet and
distance of 80 feet for tide land; while in irrigated lands, as in Malheur
Valley, drains S to 9 feet deep have controlled the water table, a distance
of 660 feet laterally.
Measurements of outflow in Willamette Valley indicate that main
drains should have a capacity of '/ to ¼ acre inch run-off to the acre
in twenty-four hours for areas up to forty acres and one-third inch fpr
larger fields as the total percentage run-off in the Willamette Valley is
large. On the Coast
inch to one inch is a suitable drainage coefficient.
Since drainage is costly and white land subsurface is retentive,

farm operations should aim to aid water in entering the tile. When
drained fields are in clover, a larger outflow from tile and less surface
water have been observed, and the structure and fertility of the land
gradually improves.

Reports from farmers having over four hundred miles of tile
in operation in the white land and other wet land in Oregon, show that
tiling has generally been successful here.
The tendency is toward larger tile in place of small open ditches. A combination of tile with a s'rface run frequently is good practice.
Nature has determined the general location of ditches, and the
size of the natural channel i an index to the required capacity. The
grade should be low enough to receive the discharge front all laterals.
Careful construction will return good interast by lessening maintenance fees.

The farmer should study subsoil and griound water conditions
in wet areas and then view out a full systen of drains with the aid of a
level, if necessary. The system may be installed in units, the most
necassary parks first, but it is best to order tile in car lots. The farmer
should make a study of drainage so that he can superintend and inspect
his own work. He should sketch the tile lines installed and note results,
extending the system as needed.

Farm Drainage
By

W. L. POWERS and WARD CRETCHER

INTRODUCTION
No other state offers a greater variety of drainage problems than
does Oregon. There are about half a million acres of marsh land to be

reclaimed on the coast, in the lake counties, and along the Lower Columbia and other streams. There are seeped lands in the hills of Western

Oregon and in the irrigated valleys of Eastern Oregon, and there are
alkaline lands both under irrigation and in the virgin state which it is
feasible to reclaim at present. There are perhaps two million acres of

wet land in the Willamette Valley and other valleys of Western OregoD
that will be greatly improved by under drainage. In this valley in early
spring, thousands of acres of land are too wet to work and in late summer the same lands are baked, and bear only oneha1f the crop that they
could be made to yield by drainage. Altogether, there are in Oregon at

least three million acres of wet land that can be reclaimed or greatly

improved by drainage. This is an area larger than that reclaimable by

irrigation in Oregon; an area equal to one-third of the total land in
farms, or about onehalf of the improved land in farms in the State, as
given by the last census. Few people realize the great importance of
drainage in the development of the farm lands of Oregon. Based on an
increase in crp returns of $10 an acre, the increased production due to

drainage would add $30,000,000 to the annual agricultural production, and

over $100,000,000 to the permanent land value of the State. Drainage
of our wet lands will become of increased importance with more inten.
sive development of the agricultural resources and increase in the intrin.
sic value of the surrounding naturally drained upland.
The first tile drains laid in Oregon, placed about forty years ago in
the vicinity of Scholls, are still working. The practice of drainage has
spread until we now have records of over four hundred miles of tile
drains in Oregon, about ninety-eight. percent of which are in successful
operation. The Oregon Experiment Station has been a consistent advocate of farm drainage and has conducted experiments, published articles,
and given assistance to farmers and districts in laying out their drainage
systems. The State Drainage Association was organized in 1915 and a
modern District Drainage Law secured, so that in recent years the use
of tile for farm drainage has rapidly increased. The Experiment Station,
in cooperation with districts, has made during the past few years soil
and topographic surveys of five hundred thousand acres included in
proposed projects. Fifty drainage districts are being organized and a
dozen others have been found feasible. Feasibility of drainage for any
given area depends upon location, demand for land, time and cost of
reclamation, soil fertility, and the practicability of engineering features.
Lands needing drainage in Oregon are generally well supplied with

plant food and are mostly located where there is a remarkably long

6

growing season. They are generally within reach of market and free
from timber or rock. It is believed that much of this wet land will now

pay a better rate of interest on the total investment if drained, and the
time seems ripe for extensive drainage development. Our wet and arid
areas offer the main opportunity for expansion of food-producing areas
and of increasing our rural population. When any given area is reclaimed

it adds to the wealth-producing area of the State for all time.
The aim in designing a drain system should be to get the most drainage at the least possible cost and to secure the highest possible efficiency
for each hundred feet of tile employed. This bulletin is written to describe the progress of drainage in this State, to point out the best meth-

ods to follow as indicated by experimentation and experience, and to
advise and encourage the increasing numbers seeking information along
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Amount and distribution of wet land and. of precipitation in Oregon.

the line of land drainage. The demand for information on land drainage
has been heavy and the supply of the previous bulletin on this subject
has been exhausted.5

SOILS AND SOIL WATER AS RELATED TO DRAINAGE
Wet Scils. Soil and water are the two substances we deal with
primarily in drainage. Soil is composed of small particles irregular in

I.

size and shape, thrown together promiscuously. The pore spaces between

the particles are continuous, forming innumerable finely divided channels which are occupied by either air or water. In a well-drained soil
0Powers, W. L. and Teeter, T. A. H. Drainage of White Land and Other Wet Lands
in Western Oregon. Oregon Agri. Col. Exp. Sta. Bul. 137 (1016).

7

the small particles form in clusters, being held in place by cementing
material present in the stil. This' increases the pore space and therefore the usable moisture and air capacity. In wet, undrained soils, the
cementing material that might have held the soil particles in clusters
has been dissolved and the finer particles of soil are filtered into the
interstices between the larger particles, making a minimum of pore
space for usable moisture and air. Soil in this condition is more impervious. The arrangement of a soil in good tilth is simlilar in structure to
popcorn balls, while the poor soil structure resembles concrete.
Subsoils are more important, froni a drainage standpoint, than are
surface soils. Subsoils are usually finer in texture; and hard-pan, shale
ridges, or other impervious strata are apt to occur, which cause ponding
and interfere with the movement cf free water through the soil. Finegrained, impervious soils are more difficult to drain, due to hard layers
through which the water will not move as fast as it is received. Sandy or

gravelly layers in the subsoil offer channels through which seepage
water will move and in which drains may be placed to collect excess
water. The chief wet soils of the State are: the 'white land of the

.-,

Fig. 2.
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Effect of drainage on roots and drought.

oil Series, the peat and muck soils of the marsh, tide, and

Dayton

overflowed areas, and the alkali areas of the irrigated sections.
"White land" is the local name applied to the most important wet
soil type in the State. It occurs chiefly in flat prairies of the Willamette
Valley and is used for pasture or spring oats. Sorrel, tar weed, velvet
grass, and dog fennel thrive on wet areas of this type. Physical analyses
class this soil as silty clay loam. Physical analyses of white land made
by C. V. Ruzek at the Oregon Experiment Station are given below.
TABLE

I.

PHYSICAL COMPOSITION OF WHITE LAND FROM DRAINAGE PLOTS
Soil sample

Surface gray silty clay loam
Subsurfare blue clay

Subsoil yellow silt loam

Fine Course
sand
gravel
1.52

0 00
0.00

1."0
0.48
0.84

Medium Fine Very fine
sand
sand
sand
0.54

6.54
1.04

Ii,
%
1.46 10.44
9.92
6.52
4.18 16.60

Silt

63.75

44.9

58.79

Clay

1 9.86

33.64
17.45

8

The surface soil is underlaid with an impervious subsurface layer of
blue clay, which hinders percolation. Below this there is a yellow silt
loam subsoil. This soil is easily puddled, and such practices as contin-

uous grain farming, wet plowing, or pasturing in wet weather, have

aggravated- this condition and developed a "plow sole" or compact layer

just below the furrow slice. The type is closely associated with the
brown valley loam which occurs in elevated, naturally drained places on
these prairies, the deep subsoil of both types being very similar. The

color of this wet land is light gray before reclamation, but a darker

color develops with drainage and constructive treatment. A soil survey
of a white land area north of Salem disclosed the fact that 39 percent of
the area was typical white land, 36 percent loam, and the remainder an
intermediate phase.
Chemical analyses show a uniformly good total supply of potash and
phosphorus with only a moderate amount of nitrogen or active humus.
A sample of white land collected a short distance north of Corvallis

was analysed by Mr. E. J. Carpenter under direction of the station

chemist, Prof. H. V. Tartar. The compos'ition of the soil was found to be
as indicated in Table II.
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TABLE II.
Moisture

(Proj. 8, 1916.)

CHEMICAL ANALYSIS OF WHITE LAND
3.68
4.15
0.10
0.15

Volatile matter
Nitrogen
Phosphorus (P205)
Lime (CaO)
Magnesia (EgO)
Potash (K20)

-

1.43
0.22

2.18

9

Professor Tartar found the lime requirement to be 1124 pounds of
ground limestone to each acre foot, and the nitrogen content rather low.
The reaction of this soil being acid, liming is beneficial. Experiments of several years have worked out with a fair degree of definiteness
the methods to follow whereby successful drainage, whicii is the key to
improvement of this soil, may be accomplished. Reclamation of this
type is given special attention later.
Peat and muck form the main body of the more important marshes.
These organic soils are light in weight and very porous. "Beaver dam"

a local name for peat soil and explains its origin in places in the

Willamette Valley. Variations in respect to depth and amount of inor-'

ganic materials are important points in the drainage of these soils.

Deep peat occupies the central part of marshes and is frequently formed
from a rank growth of tules or marsh grass. Such soils re.spond readily
to drainage. Shallow peat may be underlaid with silt or clay, making it
less attractive and more difficult to drain. Wire-grass, sedges, and flags

Fig, 4.

View of laterals, Oregon Experiment Station.

commonly grow on such land. Where there is fair depth of partly decomposed vegetation mixed with mineral material, forming a muck soil,
thorough drainage may be necessary for complete reclamation. Such
soils are likely to be better balanced in plant-food supply and generally

justify reasonable expenditures for drainage. The vegetation on such
muck soils is frequently grasses, mint, and rushes. Chemically, these
soils in Oregon usually have an acid reaction and the mineral elements
may be lower than average so they may respond to treatment with lime,
manure, or potash. Such soils are rich in nitrogen and humus and,
when drained, can generally be made very productive. The greater part
of the marshland on the coast is fresh-water marsh near stream outlets.
A soil survey of Warner Valley* made by the major author for the Reclamation Service discusses drainage conditions in a typical area of this
Whistler, J. T., and Lewis, J. H.

Reclamation Service, 1916,

Warner Valley Rept. Ore. Co-op.

n

Works, U. S.
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land. Considerable drainage development is taking place in the peat

poils of the State.
Alkali soils occur in the native state or develop from irrigation due to
accumulation of weathered soluble salts by evaporation of soil moisture at
the surface. The chief remedy for arid soils so affected is drainage, as it
affords a means of washing these salts down and out of the soil. The

texture of alkali soils ranges from light loam to heavy clay loam. The
former type usually bears mixed sage and salt grass or some greasewood
(Atriplex). Where underlaid with porus layers a few feet from the surface these soils are drainable.
The heavier soils may be flushed off where outlets are close at hand,

but at higher altitudes these greasewood lands are often too heavy,
rough, and alkaline to be very attractive for reclamation purposes at

Present. Drainage of typical areas of alkali lands are fully discussed by

the writer in soil surveys of the Ochoco*, Silver Lake* and Malheur*
irojects.

Soil Water. The soil water dealt with in drainage is the free water
which moves by gravity to lower levels or fills the larger pore spaces,
causing soil to be water-logged. Most field crops do not flourish with
their roots in saturated soil. If this water is kept moving or is "live
water" and contains sone air, crops can tolerate it more or less in the
free state. If the water table is near the surface indefinitely the plant
roots will not grow ipto it or, if the water table rises near the surface,
Ihe plant roots already in the subsoil will be rotted off In a wet climate

excess water comes from the sky more directly, while in irrigated

lands, it has been stored and seeps off through gravelly strata, damaging

the low lands. In drainage, we must deal with excess rather than

average rainfall.
The rate of flow of soil water depends mainly on the head or gradient, relative porosity of soil, and temperature. In Table III, summarized from United States Geological Survey data, the velocity of flow is
based on a fall or grade of 100 feet to the mile, a porosity of 32 percent,
and temperature 50 degrees F.
TABlE Ill. RATE OF FLOW OF SEEPAGE WATER AS AFFECTED BY SOIL TEXTURE

Kind of soil

Very fine sand
Fine sand
Medium sand
Coarse sand
Fine gravel
Silt

Diameter of soil
grains

In feet per day
ft.
0.0088

mm.

o.oi

0.05

0.0923
0.8690
2.3050
9.2240
36.9000

oio

0.25
0.50

i.00

Velocity

In ml. per pr.
nil.
0.00026
0.00638
0.02551
0Jj594
0.6877
2.551

Usable Soil Moisture. The soil moisture which is usable by plants is

mainly in capillary form. Wet soil may dry and bake quickly after rain,
for in its water-logged condition there is a minimum amount of pore space,
and such a soil does not retain moisture well in time of drought. In the
wet soil, cementing materials which should hold the soil particles in
clusters are dissolved; the film attraction being eliminated the soil structure is broken down and the pore space reduced. Drainage removes the
Whistler, J. T., and Lewis, J. H.
Work, U. 9, Reclpation

Oregon Co-op.

Ochoco Rept., silver Lake and Haiheur Rpts.,
rvice,1l15,
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excess water and makes room for more usable moisture. Excess water
finds its way to the tile drains through the line of least resistance in the
soil and enters between the ends or "joints." This process of drainage
does not leave the soil without moisture but simply removes the excess
and makes room for more usable moisture and some air. The tile simply
remove the gravity water to a level below the root zone, and from this
level capillary water may be supplied to the soil above. It is therefore
practically impossible to overdrain a still, since capillary water is not
affected by drainage except as to the distance it must rise.
Benefits f Drainage. The primary object of drainage is to remove
the excess water, (1) This enables crops to root deeper, and a larger
soil layer is thereby provided in Which to store usable or capillary soil
moisture. (2) This deep rooting and improved moisture condition cause
the soil to become more mellow and friable. The soil is then cultivated
with less difficulty and expense. (3) Drainage encourages aeration by
emptying the pore spaces which are filled with water, thus making room
for soil air. The presence of air in a drained soil aids decay, nitrification,
and the liberation of plant food. (4) Drainage makes the soil warmer be-

5urface

GrOU

Water Curve

6d
/00'
Fig. 7.

Section showir.g relation of depth to distance.

cause misture which would otherwise evaporate from the surface and
chill the soil moves off through the drains. (5) The soil is dried out earlier in the spring, enabling the farmer to plant his crop earlier with a corresponding increase in the length of the growing season. (6) It prevents
erosion b'y making the soil more absorptive. Each foot of fairly dry
soil will absorb from one to three inches of water when given time,
Which greatly reduces surface run-off. (7) Drainage prevents the heaving or freezing out of the clover and grain on wet land. (8)Drainage
prevents the rise of alkali on irrigated land. (9) In addition, drainage
improves sanitary conditions and aids transportation and highway improvement and general development of the country. Timely drainage
increases crop yields and land values and is one of the most permanent
improvements that can be put on land.
II. TYPES OF DRAINS AND THEIR LOCATION
Definition of Parts. A single line or string of tile has an upper end
or head and a lower end or outlet. The finished tile base at each hUb

stake or station is called the grade; the slope of this line, usually expressed in fall for each hundred feet, is the gradient. A drainage system
will have a main, or a line of large tile which serves mainly as a conducting drain and which receives the discharge from sub-mains and

14

laterals. The laterals are usually single lines serving mainly as collecting drains and they are frequently arranged in parallel systems.

Permanent shallow open ditches or surface runs in the field should
be made to follow fences or direct lines as much as possible. They may
be kept in grass and be used to remove the flood water in case of extremely heavy storms, after which underdrains will remove the excess water
from the subsoil.
Intercepting or cut-off drains are drains laid at the base of a slope to

collect the water that the heavier subsoil layers are carrying onto the
OREGON EXPERIMENT STATION

PLAN OF DRAINAGE PLATS
WEST OF ATHLETIC. FlEW
LtGtNO

'It

UIIURI

IIi..ilII.

_

'111111
Fig. 8.

Plan of drainage plots, Oregon Experiment Station.

flat land. More frequent use Of this feature is advisable; it is better to

keep the water off the land than to suffer the damage.
Open ditches might be made for outlets where a large volume of
water is to be handled, but there are several very serious objections to
them and their use is to be avoided wherever possible.
Types of Drainage Systems. For ordinary field crops on undulating
land, natural or random systems of drains are used following the natural
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depressions of the land and diverging like the frame of a tree. Parallel
systems are well adapted to the drainage of flat-lying land situated with
a gentle slope in one plane. Lcng parallel laterals give the least amount
of double drainage with less expense for junctions and ]arge tile. It is
often convenient to have the laterals run parallel to the fence lines and
to the dead furrows so that supplemental surface drains can be provided,
and the land given a slight slope toward the drains Vertical drainage
is only practical where there is wet land with a tight subsoil and then

a coarse layer underneath through which water will pass. A vertical

drain can be made of small wells, lined with a column of drain tile surrounded with gravel, and covered below reach of the plow, making a permanent passageway down through the impervious layers. See Fig. 30.
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Hydrograph showing mean daly rainfall and outflow, Experiment drains.

The Location of Drains. A complete drainage system for the whole
farm should be tentatively planned, at least a complete system for the
watershed considered. It may be installed in units as time and means
permit and can be developed so as to afford more thorough drainage as
general economic conditions come to justify a higher state of improvement.

In locating drains, best authorities consider it good practice to lay the

main in the line of natural drainage where the water collects; for the

surface and subsurface strata will convey the water to these depressions.
On our flat lands, the laterals should run in the line of greatest slope;
and long, parallel laterals should be used where possible. The tile lines
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should be run straight or with gradual curves. This makes them easier
to construct; easier to locate in later years; is an actual saving in tile

and labor and increases the capacity of the tile by reducing friction.

The drain system should be planned to reach the source of excess water
and convey it away as directly as possible. Plans should be made to
handle a maximum amount of water with a minimum number of tile, so
as to get the highest possible efficiency out of every hundred feet of tile
employed.

An experienced drainage engineer may add five percent to the

cost and as much as fifty percent to the efficiency of a system.
Preliminary Studies. When planning a drainage system begin at the
outlet and determine, by us of the level, the depth the drain can be
placed and have a free discharge. All leveling data should be referred
to a permanent bench mark. Make test pits with a post. hole auger or
soil auger at frequent intervals as the examination proceeds upstream
P.eor,th4zo,vc/Vo,qrn Line
,#gnn,.s r4R466w,.,
aqeso.'vc04-ennr,vr,arncgr,av rn'vrsn.qr,ns

\,t ,,,,i,,/i//I//II/ /1(4:
Fig. 10.

Profile of alkali soil aI water tables, Malheur valley.

and observe the character of the subsodi to determine how deep to put
the- drain so it will be in the most free-working soil. (See Figs. 8 and

The occurrence of underground water can be noted and any seepage
water traced to its source to determine whether it appears under or over
any hard layers of soil. The drains can then be designed to intercept
and convey this water away as directly as possible. A few range poles or
lath should be set at points in the field through which it is desired to
have the survey for the drains pass. A preliminary survey may be made
to decide on the best possible outlet and determine the lay of the land.
A series of level readings taken across the field in both directions or
14.)

around the field will usually disclose variations in nearly flat areas.

A contour map of a wet farm having irregular topography would be very
desirable in planning the system.
Because drainage is a rather expensive improvement and some soils,
like the white land, are rather slow to respond to drainage, it is neces-

sary that we locate our drains so as to facilitate the entrance of water
into the tile in order to make the drainage enterprise thoroughly profitable and successful.

III. DEPTH AND DISTANCE APART FOR TILE
Relation of Depth to Distance. In a uniform porous soil, greater
depth will permit greater distance apart. In such a soil suppose a 4foot depth would permit a distance of 100 feet apart. If the depth is
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decreased to 3 feet, the distance would have to be decreased to approx-

irnately 60 feet as shown in Fig. 9, so as to lower the water table to
the same depth at its highest point between the lines. This is the
principle to bear in mind in designing depth and distance, where either
depth or distance is limited by the factors discussed hereafter.
Factors Affecting Depth and Distance. (1) The character of the
soil and subsoil is perhaps the most influential factor affecting depth
and distance apart. It is evident from previous discussion that water
moves more slowly through the heavier soil and it must not be required
to move as far. A closer spacing is necessary and with it economy demands less depth. The presence of impervious layers as already described makes it necessary to place the tile above or below this stratum

depending on the location of the water.

Fig. 11. Tile-Ijying tools and samples of tile. (Courtesy Wisconsin Experiment Station.)

The amount and distribution of rainfall during the growing
season determines how much water is to be removed. Large amounts
of water require more access to drains.
The nature of the crop to be grown may affect the depth for
drains. Grasses and other shallow rooted or water-loving plants do not
require deep drainage. Corn and other grain crops require more protection. Legumes like alfalfa and clovers need good deep drains.
Depth of outlet may limit the depth of drains. This frequently
is the case in tide 1and and occasionally in flat areas in the Willamette
Valley.
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Experiments Relating to Depth and Distance. Numerous expertments have been conducted to determine suitable depth and distance apart
for tile.

Fig. 12.

Cyclone ditcher.

A series of laterals, 60 feet apart and from 24 to 4½ feet in depth
were installed in white land near Albany in 1908 by the United States

Fig. 13.

Buckeye trencher.

19

Office of Drainage Investigations. Observations have indicated that

no advantage has been derived from the deeper tile. A study of the
water table indicated that for two days after heavy precipitation, the
deeper drains were less effective than those laid 33 to 36 inches deep.
Thig is probably due to the fact that the most pervious stratum in the
white land section occurs at 33 to 36 inches.

Fig. 14.

Starting a ditch in tough sod.

The Oregon Experiment Station installed an experimental tile system on white land at Corvallis. All laterals were laid 33 to 36 inches
deep and in four series of 25, 50, 75, and 100 feet apart. The results
given in Table IV show that the greatest efficiency was obtained by the
50-foot spacing. Although a greater yield was obtained by the 25-foot
spacing the cost of drainage was twice as nnich.

Fig. I 5.

hauling and distributing tile,

TABLE IV. DISCHARGE FROM LATERALS PLACED DIFFERENT DISTANCES APART. WINTER 1915-16.
Maximum
discharge

Distance
between

in acre in.
an acre in

laterals
ft.

1.20
1.35
.80
.90

50 ft.
75 ft.
100 ft.

TABLE V.
Grade

4 inches
5 inches
6 inches
7 inches
8 inches
10 inches
12 inches
15 inches
18 inches
20 inches
22 inches
24 inches
28 inches

Mean acre

Mean

in acre in.
an acre in
24 hr.

24 hr.
25

Mean
discharge

daily rain
.
previous

outflow

two days

.32

tile in

Yield

barley per
acre 1915

24 hr.

percent

in.
0.60
0.60
0.60
0.80

.48
.55
.33

in. discharge
per 1000 ft.

Feet of tile
per acre

Daily

bu.
1742

80
92
55
51

872
586

.96
1.10
.66

33.73
29.90
27.90

418

54

95 95

ACRES SERVED BY TILE OF VARIOUS SIZES AND SLOPES WHERE ONE-HALF INCH OF WATER
IS TO BE REMOVED IN 24 HOURS-BASED ON KUTTER'S FORMULA, N=.015, R.5
.15

.20

1.5

3

3

2

3

4.1

4.8

4

5.8

7

8

.05

.1

3.3
5.2
9.2

11.2

12.5

14

18
35
58

20

24
41
76

16
30
50
92

125
170
215
285
350

152
210
285
355
425

107
178
242
305
404
500

121
203
275
345
460
550

6

9

8.5
17
28
53
88
115
153
205

12.5

250

.25

39

65

.30
3.5
6

10.5
16
22
42
72
135
220
298
380
496
610

.4
3.8
7

12

17.5
26
48
84
155
260
345
425

568
700

.5

4.2
7.3
13.5
20
30
55

90
175
285
384
490
640
775

.6

4.6
8

14.5
22.5
32
61

104
190
310
425
535
700

850

.7
5
9

16
24
35
66

110
206
338
462
575
750
930

.8

5.4
9.6
17
25.8
38

1.0
6.5
11

18.5
29
42
80

70
116
220
385
500
615
810

133
250
400
550
690
910

1000

1100

1.5
7.3

13.7
24
36

51
97
163
303
500
670
850

1110
1400

2
9

15.
27
41
61
112

190
355
575
780
1000
1315
1610
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Winter barley under similar conditions except on undrained land

produced about 16 bushels an acre.

An experimental tile system installed in tide land at the branch

experimental station near Astoria, has been previously described.* In this
system series of laterals were arranged at 50-, 75-, and 100-foot intervals.

With the greater spacing a greater depth was used, the depth ranging
from 3 to 4 feet. Observations have been made by station Superintendent Engbretsen of water-table outflow and yields. Results have
indicated that the 4-foot depth and 80-foot spacing gave adequate drainage where that depth of outlet could be secured. Where only 3-foot depth
of outlet is available a 50-foot spacing is recommended.
Conclusions Regarding Depth and Distance. Experiments with heavy
soils of the Dayton Series or white lands indicate that a depth of about
36 inches and a distance of 60 to 66 feet is the best practice. A closer
spacing will doubtless give increased yields, though even a wider spacing

Fig. 16.

Profile of main drain, Experiment Station Plots.

is profitable. The soils classed in soil survey work as Amity are some-

what less difficult to drain and will be drained by lines 36 to 40 inches
deep and 80 feet apart. They range from white land, described above,

to the brown loam, soils of the valley benches, which are often im-

proved by drainage at a depth of 42 inches and' a distance of about 100
feet. In this brown soil tile lines can frequently be arranged in a natural
or random system following up the swales and depressions.
Black clay' or "black sticky" is best drained by use of intercepting
or fo&thill ditches, and an outlet drain and surfacing and perhaps inlets.
The new valley fillings along the small stream,s in Western Oregon
classed as loam to clay loam need drainage, and, in this work the foot.
hill or intercepting drain is an important feature just as it is in drainage
of seeped hill lands with mottled subsoils.
Powers, W. L. The Improvement of Marsh Lands in Western Oregon. Ore. Age. Col.

Exp. Sta. Bul. 15, 1019.
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Tide land at the branch experiment station at Astoria has been effectively drained by tile placed 80 feet apart and 4 feet deep.
In these lands the depth may be limited to the depth of outlet obtainable.

Peat soil used for onions and other intensive crops will justify

drainage lines at 50-foot intervals and 4 feet deep, although for ordinary
field crops temporary drains in these lands may be open ditches 200 to
00 feet apart and 5-feet deep. Such soils are subject to shrinkage and
require deeper drainage to allow for this.
In humid sections the mistake is more commonly made of putting
drains too far apart or too shallow than otherwise.
The drainage of irrigated land is a matter of intercepting seepage
water and of lowering the water table in the whole locality. It is nec-C
essary to get the tile in the most porous or water-bearing strata, which

--

WiS4,
Fig. 17.

Perspective sketch showing use of grade lath.

may occur at a depth of 7 to 10 feet. The aim should be to lower the
water table below the capillary limit of the soil, or say 5 feet below the
surface at the highest point so that alkali will not be drawn to the surface. The distance will depend on the topography and soil and subsoil
conditions and may be 20 to 80 rods apart in such sections as Malheur
Valley and 9 feet deep. The drains must be placed where they will
effectively catch the out-cropping water; the relief well (Fig. 33) may be
necessary to bring the water up to within reach of a tile line. Where
thick impervious chalk subsoil occurs as in Klamath Basin it may be
necessary to use deep intercepting drains as far as possible and then
closer spacing with lines on the hard-pan.
IV.

CAPACITY FOR DRAINS

The capacity of drains refers to the amount of water they will discharge and in effect how much land a certain drain will serve. The
chief factors affecting tile capacity are (1) grade, (2) size, and (3)
roughness.
Grade for Drains. Grade, although not absolutely fixed, is limited

by the topography or slope of the land. The question most frequently
asked by farmers is, How little grade can be used? The answer is, As
little as .05 foot per 100 feet for large tile. But care must be exercised
that drains with no fall are carefully laid to grade. It is more econPowe/s, W. L., and Johnston, W. W., The Improvement and Irrigation Requirement
of Wild Meadow and Tule Land. Ore. Agr. Col. Exp. Sta. Bul. No. 1s7, 1920.
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nomical to obtain more grade even at the expense of deep cuts. A good

average grade obtainable is about .1 foot per 100 feet for mains and

.2 foot or more for laterals.
Grade is a very important factor in fixing capacity. Capacity is almost directly proportional to the grade and varies as the square root of
the grade. For example, a drain with a grade of .1 foot per hundred has
just half the capacity of a drain with a grade of .4 foot per hundred. The
latter drain will serve approximately twice the area as the tile with .1
grade. Economical drainage design will therefore demand all the fall
that can be obtained on land requiring drainage. There is very little
danger of too much fall.
Size for Drains. The size of a drain is the inside diameter in inches.
It is the last thing to be determined in drainage design. Size is determined by the following factors. (1) Slope of the drain, as already
explained. (2) The size of the area each drain has to serve. (3) The

Fig. 18. Finishing trench and laying tile,
Oregon Experiment Station.

Fig. 15. Laying large main drain, Oregon
Experiment Station.

drainage coefficient, or the depth of water to be removed; technically
defined as the depth of water, in inches, over the area to be removed per
24 hours. This coefficient must be large enough to give the degree of
drainage required; i. e., large enough to care for the heaviest rain that
probably will occur in the farming season. Insufficient drainage may be
due to lack of sufficient drainage coefficient. Drainage coefficient is de-

termined by a consideration of factors of which the following are the
more important:
(a) Rainfall, its amount, intensity and seasonal distribution. Con-

sider the amount of rainfall that occurs during the season of cultural
operations.
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Soil exerts considerable influence on the run-off coefficient.
Tinder proper conditions of drainage tilth and crops a soil will absorb
fro1m 1 to 3 inches of rain providing it has had sufficient time to rid itself
of the previous rain.

Slope of the underdrained area may be such as to hasten surface run-off before the water has had time to percolate into the tile.

Gentle rains permit more absorption if under-drainage is afforded.
Frequent spacing of laterals affords more access to drains and a
larger maximum outflow would be expected from a given area. The outflow coefficients recommended for different conditions are: For Dayton

and Amity soils and other low-lying flat land of the Willamette Valley, % to 1/2 inch. For coast sections the coefficient may vary from
3. to 1 inch, depending on the rainfall of the locality. For irrigated lands

the coefficient must be sufficient to include all the seepage water that
is likely to reach the drain. Since there may be a large yield in parts of
the field, drains of ample size will be economical and usually should be
sufficient to handle 1/ to '/4-inch coefficient.

Roughness. Roughness in a tile line may reduce the capacity of the
line considerably. For this reason ill-shaped tile should be rejected, the

tile should be carefully abutted, and the line run as straight as possible.
Computing Size of Drains. For computing the size of drains three
factors must be determined in each case: (1) the size of the area to be
served by the drain, (2) the slope of the drain as determined by the
survey, and (3) the drainage coefficient described above. Use of Kutter's
modification of the Chazy formula is recommended for computing the

size of drains, especially for the sizes ranging from 6 inches upward.

It follows:

141.66 + .00281 + 1.811
v=H

fl

S

I + (41.66 + .00281) n
s

\JrJ

In which v=the velocity of flow in feet per second.
s==the slope or fall in feet per foot.
n==the coefficient of roughness.
4=zhydraulic radius in feet=the cross-section area of stream
divided by the wet perimeter.
The solution of this formula will appear difficult to those unaccustomed to the work, yet it is the simplest form hi which it can be used.

For this reason Table V (page 20) is submitted, whih is based on this
formula and which is sufficient for farm drains. Interpolations for any
size and grade within the range can be made between sizes and grades
with sufficient accuracy.
Though there are many other formulas in use for determining draintile capacities, Kutter's formula gives a lower capacity than any of the
others, which is good assurance that it is a safe formula to use. llhiott's

formula* gives much larger values for the smaller tile and somewhat
C. C. Elliott, Eogineering for Land Drainage 1019 Ed. r. 1010.

25

larger for the larger tile. Recent elaborate investigations* have resultei
in the development of an experimental formula, which also gives larger
values.

The experiments of recent investigators indicate that the acreage

given in Table V might be increased by 50 percent for the 4- and 5-inch
tile.

V. PROCURING TILE
After sufficient data have been gathered to inform the farmer how
much tile and what sizes are needed, a tile bill should be prepared. The
bill should include all specials, such as Y's" for making junctions and
vitrified sewer pipe for outlets, if these are deemed necessary to protect
from frost.
Clay tile should be well burned, cylindrical, and straight. An unbroken tile will give a characteristic ring when struck with a piece of
metal. gince clay shrinks on burning, over-burned tile will be smaller
in dimensions. Good.tile are durable, easily laid, and last indefinitely
under proper conditions.

Fig. 20. Filling tile ditch with road grader.

There is generally a slight curve or hump in clay tile which can he
used advantageously in making slight turns in a line of tile; or if this
humped side is placed up the top edges of the tiles will fit close together.

Concrete tile have come to be used extensively for drainage pur-

poses during the last decade. They have an advantage where good clay
is not obtainable. Concrete tile should be made of a proper mixture, machine tamped, and carefully cured. The wet-mixture process is preferred and larger sizes should be reinforced. Dense tile of rich mixture
are more resistant to alkaliS
Clay or concrete Tile. Almost any advantage of either material over
the other may be offset by nearness to consumer. The chief differences
are: Concrete tile are somewhat subject to disintegration in sections
where aJkali is present. There is less chance of deterioration where
varnell, I). L. and Woodward, S. lit. The Flow of Water in Drain Tile, U. S. Dept
of Agric., Biil. 854.
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made very dense and of good material. Concrete tile are somewhat
heavier than clay tile of the same size, which makes for a higher freight

rate. Concrete tile will improve in strength with age. Concrete tile are
slightly more uniform, since clay tiles shrink and become slightly irregular during burning. All tile seriously defective should be rejected at the

factory; reliable manufacturers cull their product properly.
Specifications for Tile. The tile bill should not only contain the sizes
and number of tiles wanted but some agreement must be included by
which to reject bad material. If there is any choice as to materials
from which tile are made it should be stated in the order.
For the purpose of standardizing requirements of all such materials,
a society known as the American Society for Testing Materials, composed
of specialists and manufacturers, has compiled "Standard Specifications
for Drain Tile."* in which are set forth definite methods of testing for
several characteristics and the requirements to be met in each. Three

Fig. 21.

Outlet and wier.

classes of drain tile are provided for: (1) Farm Drain Tile, for ordinary
private drainage vork on farms for moderate-sizes and depths. (2)
Standard Drain Tile, for ordinary district drainage. (3) Extra Quality
Drain Tile, where an extra quality is required.
The first class is sufficient for ordinary farm drainage as described
in this bulletin except where the greater depths are recommended. In

this case the better grade of tile (Extra Quality) should be specified.

The following statement attached to the order should bind the seller and
protect the purchaser and is only fair to both.
"This order shall include only such tile as meet the specifications and physical requirements set forth by the American Society for Testing Materials, serial designation C4-16 for
drain tile of the class of Farm Drain Tile (or other of -the three classes as desired)."

This throws the responsibility onto the man who has the best opportunity to know the quality of the material in question.
The tile bill of sizes and quantity with the- foregoing statement of
quality can be submitted to reliable manufacturers for bids.
"American Society for Testing Materials" Standard Specifications for Drain Tile
Serial No. 04-is.
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VI.

CONSTRUCTION OF UNDER-DRAINS

When to Tile. The best season of the year to drain wet lands in
Western Oregon is from April up to July. Earlier than this, excess
water and heavy rains will interfere and later in the season the soil
becomes dry and hard so that it is more expensive to work. "Beaver
dam" and marsh land will be least subject to excess water in later sum-

mer, while the irrigated land may contain less excess water in early
spring before irrigation begins.
The Permanent Sutvey. While the entire drainage system should
be planned before construction begins, it is useless to set grade stakes
for more drains than can be installed during one season as these will be

plowed out or tramped out by animals and will need to be replaced.
Where the system is small and there is a fall greater than a foot to each
hundred feet, the drains may he successfully laid by water grade, the
amount of 'tile needed being estimated by chaining or carefully pacing out
lines to be installed.

Fig. 55.

Concrete silt basin.

After laying out the general plan of the system, hub stakes are
driven at regular hundred- or fifty-foot intervals beginning at the outlet.
These hub stakes should be about two inches square and twelve to
eighteen inches in length, so as not to be easily disturbed. They are set

in a line at the side of the proposed tile line, and driven flush with
the ground. Guide or guard stakes are numbered according to the num-

ber of hundred feet from the end of the line o outlet; they are driven
in front of the hub, leaning toward the head of the drain.
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The survey gives the relative elevations of the hub stake, and a
profile provided by the engineer will give the depth of cut below each

hub.

While the data are fresh in mind or before the tile are hidden, a
sketch should be made of the tile lines, showing their length, depth, and
distance apart. A compass can be used to locate the bearings of different
tile lines, and permanent landmarks such as trees and property -corners
should be referred to so that any part of the drain system can be located
in after years. Maps may be simple but should be definite. A memorandum of the items of cost should be filed with this map.

Getting the Tile. The survey should determine accurately the number of feet of tile required for the units of the drain system which are
to be immediately installed. After the size of the tile is decided upon
for the different lines, a tile bill may be prepared and bids secured. If
freight is involved the tile should be ordered in car-load lots and should
be hauled directly from the car to the ditches, being distributed along

the trenches within reach of the tiler when standing in the trench.
(Fig. 20).

Fig. 23. Rush cutter.

Digging the Trench. WThere there are many long parallel lines of
tile to install, a trenching machine may be employed.5 The wheel type
of machine may be secured by a district or contractor. Where labor is
scarce and where deep drainage is not required, horse-drawn ditchers
may save money.
The use of the plow in starting the trench is favored only in tough
sod where the work is done by unskilled hand labor. A trench 33 to 36
inches deep can be provided by removing two courses with the tile spade

and should be started about eleven or twelve inches wide at the top.
Yarnel1, P. L.
1121, 2020.

Tile Treuching Machinery, U. S. Dept. ol Agric., Farmers' Bulletin
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In starting the ditch, a guide string is stretched on the ground at one side
of the stakes. At bends a one-fourth-inch rope should be laid on the
ground in a smooth curve. An eighteen-inch, square-pointed tile spade is
commonly used for removing the first spading. The trench should be
kept straight and the sides smooth and plumb. A good spademan will

set the spade a little angling and will not need to trim the side of the
trench much with a spade. A skilled worker will not leave much loose
dirt in the bottom of the trench. Crumbs left in the trench should not
be removed until the second spading is to be dug, if the weather is dry.
A round-pointed shovel can be used to remove this loose dirt, after which

the second spading is dug within an inch or so of the proposed grade.

For removing the second spading, some workmen prefer a round-pointed
tile spade, which makes the trench a little narrower at the bottom. The

grade lines should be set before the second spading so that in no case
will the ditch be cut below the pioposed grade line. The last inch or
two is taken out with a shovel and tile scoop, leaving a smooth, firm tile
base rounded to support the tile.

Fig. 24.

Oregon Agricultural College Experiment Station plots before draining.

The Use of the Grade Lath. In order to dig a trench to grade or
with a finished straight tile base between the calculated grade points,
it is best to use a gage line and gage stick, as shown in Fig. 20. The

depth to dig at each station is calculated from the top of the hub

stakes. Grade laths to Garry the grade line are set over each hub stake

at a uniform and convenient distance abo'e the proposed tile base. A
line is stretched over these grade laths and is a uniform distance above
the proposed grade line and parallel to it. If the gage line is set four
feet above grade the ditch should be trimmed out until a four-foot
gage stick will just reach from the wire to the bottom of the trench when
held in a vertical position. To set the grade lath at a proper height
subtract the depth of the cut from the length of the gage. Grade laths
may be set across the ditch or at one side with a cross arm extending out
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even with the near edge of the trench. A No. 18 gage galvanized wire
makes a gooc gage wire, as it -is light and strong as well as durable.
In cutting through high ridges, a longer gage may be required. The
gage wire must be kept tight.
Laying the Tile. Tile laying should start at the outlet and proceed

up stream just as soon as the trench is finished to grade. A careful
workman can be selected to handle the tile scoop and shovel just ahead
of the tile layer. A tile scoop should leave a firm tile base and a little

running water will help to make the tile bae smooth. A carefully

finished trench facilitates laying. The trench should be U.shaped at the
bottom to give a supporting surface equal to about 14 the circumference
of the tile. The grade should be tested for every length of tile and the

pieces should be placed in a straight line with the long side up so that
the joints fit tightly at the top side and are nearly flush at the lower
inside edge. An opening of one-eighth inch is allowable, but larger
openings should be covered with fragments of broken tile called "bats."
The tile may be rotated to fit, imperfections in the tile being taken ad-

-

Fig. 22.

Oregon Agricultural College Experiment Station - plots after draining.

vantage of in making slight turns. Ill-shaped, cracked, and broken
pieces should be discarded. Where quicksand or muck causes a soft

bottom in the trench, it is best to lay the tile on a board. Clay, burlap,
or straw may be used to prevent quicksand entering the joints. Curves
can be fitted by chipping off the inside edge ot the tile carefully with
a chisel and -hammer. The Y's can be constructed, but it is best to order
these when ordering the tile. Inspection of the drains before back filling
should be made to see that no inferior pieces have been used, that there
are no wide joints which appear unprotected, and that the ti-le are laid
true to grade. If there is no running water, a level can be used to test
the line at frequent intervals for dips or swells in the grade. If muddy
water is encountered in the trench, it may be dammed up and held back
until it can be passed through the tile in quantities sufficient to avoid
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lrjg., 26.

Hi Peat,
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silting. Where the ditch banks are unstable, curbing may need to be
used. The tile should be blinded in each evening. Precautions should

be taken against damage by storms at night during construction.
Filling the Trench. After inspection, tile are blinded by a workman
who stands beside the trench and shaves mellow dirt from the sides of

the ditch with a spade. A layer of mellow dirt three or four inches

deep prevents the tile getting out of line. Plowing off the shoulders of
the trench with a plow that is equipped with long eveners, will put the
surface soil in the lower part of the trench. Other tools used for filling
trenches are light road drags, or light road graders (Fig 24). Filling
is more readily done before the dirt has becom.e compact and settled.
Tiling contracts have been frequently let in the Willamette Valley
at 30 to 60 cents a rod. The contractor usually furnishes the tools and
the landowner furnishes the tile along the proposed drain. Whether
board is to be provided and whether the trench is to be completely filled
should be stated in the agreement. The contractor is usually required
to begin at the outlet, lay true to grade, and pursue the work with due
diligence. Arrangements a.re frequently made for securing pay for a part
of the finished work during construction.
Outlets. It is of primary importance that the drainage system have
a good outlet. Where the outlet is submerged, the velocity of the outflow is checked and sediment is apt to collect and clog the drains. The
water should have a free spillway at the outlet, A partly submerged
outlet can be kept clear where there is considerable volume of water and
velocity of flow if a barrel or box is provided for collecting sediment and
is cleaned out perhaps twice a year. The submerged outlet, however, is
not desirable, as the land will never drain below the level of the water
in the outlet.
The outlet pipe or tile may be vitrified or a corrugated culvert may
be used. Such material is not affected by freezing or tramping of

animals. To prevent rodents entering the tile, the end of the outlet

should be screened, as in Fig. 26, with quarter-inch iron rods placed per-

haps an inch apart. Where the outlet is submerged at times, an auto-

matic flap gate may be provided whidh will be hinged at the top so as to

close during times of high water or when the drainage ceases in the

summer. A small bulkhead should be provided at the outlet to force the
water to run out through the tile instead of cutting out around it. This
will also retain the earth bank and serve as a monument to mark the
location of the outlet. The footing should extend out below the tile to
form an apron on which the tile may discharge without causing erosion.
Silt Basins. SlIt basins are small cisterns or manholes in the
drains extending to the surface from a foot or more below the tile grade.
These are usually provided in fence corners where two or more lines of
tile join, or where the grade of the tile is decreased. Silt basins afford
a means of collecting and cleaning out silt; they help to collect surface
flood water quickly, prevent the drain from becoming clogged and may
sometimes be arranged to afford watering places for the stock. Silt
basins also permit inspection of tile and may increase the head of water
on the outlet drain in time of high water. A small silt basin can be constructed by placing a twelve inch sewer tile hay ng the required outlets
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on end. For larger silt basins, brick or concrete may be used. See Figs.
22 and 33.

At the Experiment Station it has been found convenient to construct
silt basins or manholes of concrete (see Fig. 22). For the outer form the
soil is used, and the inner form is made of staves like a silo, one of the
staves being beveled so it can be removed after the concrete has set.
The form makes the manhole five feet deep and three feet in diameter
with a twenty-inch opening in the top, which may be covered with a
concrete lid. The walls are about four inches thick. The tile lines are in
place when the silt basin is constructed and the form sets tightly against

the tile emptying into the silt basin. A surface inlet to the silt basin
may be provided. The water should be screened and brought in on a
grade to prevent roiling the sediment with the water in the silt basin.
A few cubic feet of gravel or broken tile in the trench will make a fair
inlet at the head of the drain.

Fig. 28.

JJry-lancl dipper dredger.

Junctions.

The laterals may be constructed perpendicular to a main
drain, excepting laterals which will discharge a large amount of water.
Laterals which drain 3 acres or are 1000 feet long or over should join

a main with a curve of five-foot radius so that the connecting tile
will make an angle as small as 450 The center of the lateral opening
into the main should not be below the center of the main so as to pre-

vent, as much as possible, the water from a main backing into the

laterals.

Obstructions. The principal obstructions to tile are small animals,
roots, and silt. Protecting all exposed ends of the tile system with
screen or broken pieces of tile will prevent small animals entering.
Roots of trees, such as willows, elm, tamarack, and soft maple, are
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troublesome. Cultivated plants, such as alfalfa, grape vines, and kale

also give trouble where spring water runs in a tile line throughout the
growing season. Water-loving trees within twenty or twenty-five feet of
the drain should be girdled or cut down, or the tile can be cemented at
the joints where the drains pass within this distance of the trees. Silt
will be less troublesone in large tile. Small tile must be laid true to
grade to prevent trouble, and if the lower insid lines of the tile are
flush the carrying capacity will be greater and friction will be less.
To locate obstructions, dig holes in several places over the tile. A
tile map and an end-gate rod will be of value in looking up and probing
for tile lines. Below the obstruction the water will not rise in a dug
hole but will fall away into the tile. Above the obstruction the water
will rise and stand in the hole. The tile can be uncovered above and
below the obstruction and can be cleaned out with a jointed sewer rod
or by use of a long, limber pole or wire cable that is frayed out into a wire

brush at the end.
A tile line to be permanently successful must be given some attention. Inspection and cleaning out of outlets and silt basins should
take place at least twice a yearin the fall before the rains begin and
again during the highest water of the season
VII.

DRAINAGE COSTS AND PROFITS

The cost of drainage varies greatly with the kind of soil, size of tile,
thoroughness of drainage, method of construction and labor conditions.
First of all, the number and size of the tile required must be determined
before a definite estimate of cost can be made.
TABLE VI. APPROXIMATE PRICES AND WEIGHTS OF TILE
In.

Size

8 ........
4
5

6
8

10
12

14

Price per

1000 feet

Mar. 30, '21
$30.00
$50.00
$65.00
$104.00
$178.00

$26000

Weight per
foot

1hz.

4%
6%
9

11%

18
25
33
43

-

Average
ear-load
ft.
7500
6500
5000
4000
2400
1600
1000
800

No. of ft.
per ton
ft.
400
334
250
182

ill
80
60
56

It may be necessary to make an allowance for freight in addition to
the prices indicated in Table VI. Thirty thousand pounds is a minimum
weight for a car-load of tile, and the average weight is about forty thousand pounds. As tile are rather bulky, a ton makes a fair wagon load.
About five hundred four-inch tile or about two hundred six-inch tile can be
hauled at one load. Two men with wagons when hauling to the same
field can assist each other in loading and unloading.
Trenching. Digging the trench, laying the tile, and blinding in with
three or four inches of mellow dirt commonly costs, in the Willamette
Valley, from forty cents to a dollar a rod. The latter price frequently
includes filling the trench. Reports (1914) on tile drains aggregating one

hundred miles of tile that had been placed in the Willamette Valley
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showed that the average cost of digging and laying for each rod was
thirty cents. The cost of digging and laying varies greatly with the
kind of soil, size, and depth of tile and difficulties encountered, as

shown in Table VII.
TABLE VII.

APPROXIMATE COST PER ROD OF DIGGING TRENCH, LAYING TILE,
AND BLINDING

Depth in feet

Size of tile in inches

3

4

40.60
0.70
0.80
0.90

S

0

8
10
12

100
1.10

4

41.00

iJO

L20

1.30
1.40
1.50

5

6

$1.60
1.70
1.80
1.90
2.00
2.10

$2.40
2.60
2.70
2.80
2.90
3.00

Filling the trench with a plow or road drag has been done locally
for ten to twenty cents for each hundred feet. Where the filling must
be done by a more laborious process, it may cost twenty to twenty-five
cents a hundred feet. To these items should be added ,5 percent for
surveys and superintendence, or 10 percent including outlets, silt basins,
tools, and miscellaneous expenses.

Fig. 29.

Surface run.

The tile required for each acre, if laid in parallel lines and four
rods apart, will be forty rods or, if six rods apart, thirty rods of tile
will be required, At a total cost of one dollar a rod for latera1s this
would mean forty dollars an acre for thorough drainage of the wettest
areas on the farm. It rarely happens that more than 25 percent of the
wet farms will require such thorough drainage. More frequently,
wet swales or springy spots are drained with a random system of tile
lines, making it possible to work the whole field at one time as well as
increasing the production of the low area. In order to direct attention
more fully to the cost and profit connected with drainage, a few typical
examples of actual costs and results from different sections of the State
are here given.
Results from Tile Drainage in Oregon. A drainage system was

installed on a 72-acre field of white land one mile south. of Albany by the
United States Government in 1908. From three- to ten-inch clay tile were

used, and the depth varied from three to four and one-half feet; the
distance apart was purposely varied from sixty to one hundred fifty feet.
Grades ranged from .2 to .5 foot for each hundred, and the entire
cost of draining the seventy-two acres of land was $1,929.60, or $2680
per acre. Drainage has made it possible to raise clover on this land,
and the amount of underdrainage is gradually increasing each year. The
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system is declared a success by the owner of the tract, who estimates
that the land is actually worth now for farming purposes four times what
it cost previous to being drained.
Nearly twenty-five years ago, a drain system was installed in a
white land area on the College farm at Corvallis under the direction of
Professor French. The professor states that before being drained this
area was so wet that it produced little but wild oats, tar weed, sorrel,
and cat tails Since it was drained, yields have steadily increased; last
season, aboflt five tons to the acre of clover hay was produced. The
drains have paid ror themselves over and over and are more effective
today than ever.
Project No. 40 is installed near Troutdale. The field contained seven

acres of peaty loam too wet to farm and produ7ing only a marshy
growth, providing a little pasture. The drain system installed included:
Tile, 5000 feet, 5-inch, 4-inch and
Freight bill

Hauling of twelve loads at $2 a load

Digging 300 rods at 30 cents a rod
Total

This cost is $24.97 an acre.

5-inch, costing

$120.00
12.00
24.00
01.80
$244.80

The owner states that until drained the field was not worked on
The drain system was installed in 1912 and the
following winter the main ran full for several days at a time. The

account of wet places.

following year, according to the owner, the piece produced $176 worth of

potatoes to the acre. In 1914, this same field threshed out sixty-four
bushels of oats to the acre. A stand of clover has been secured which
was impossible before draining. The owner says, "We have received
full returns already for our investment."
Project No. 43, an alkali area, is located in Crooked River Valley
three miles east of Prineville. Before this land was drained, it was
regarded as practically worthless because of the presence of alkali in
the soil. Four acres of black loam were drained with the following
costs:
Tile, 1500 feet
Freight from Portland to Redmond
Hauling tile to ranch
Labor seven days at $2
Total,

This cost is $34.63 an acre.

$35.00
72.00
7.50
14.00

$138.50

These figures are given by the owner who states:
"The tile were laid 60 feet apart and 3 feet deep and easily drained at
that distance. If placed 4 feet deep and 100 feet apart the tile would have

drained six acres instead of four. We were unable to get the latter

depth owing to difficulty in securing an outlet for that level. Securing
the tile in car-load lots would have reduced the expense to $89 or $22.25
an acre.
"Before the land was drained the crop in 1914 for the four acres
was twenty bu,ohels of barley oi five bushels an acre. The crop in 1915
for the four acres was 278 bushels of wheat and barley or 69½ bushels
an acre. Placing a value of eighty cents a bushel on this crop the result is $222.50, which, less the cost of draining, $138.50, equals $83.90 net

gain this year from the above operation. From these results, we firmly
believe that tile drainage is an unqualified success. This four-acre tract
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we tiled only as an experiment, and we intend to drain forty acres

more as quickly as possible. There are few investments which pay so
well."

Profits from Drainage in Oregon. Timely drainage usually pays in
increased crops and increased land value. Those who have drained say

that it pays. The writers have examined the greater part of the tile

systems in use in the Willamette Valley and other parts of Oregon and,
while a few drains in use are too small or poor depth, or have been poorly
constructed, we fail to find a tile system properly installed in the Wiilamette Valley which has not been successful. Tile drains usually improve in effectiveness for years. If properly installed, they should add
value to the land equal to their cost. The profits from drainage are
large, drains frequently paying for themselves within a few years. It
therefore costs money to hold wet land. Most of our wet lands, particularly in the Willamette Valley, will pay a better rate of interest on the
total investment if drained. Drainage is a permanent improvement; it is
the fundamental step in the improvement of our wet lands; it makes
rotation with soil-building crops possible and constructive soil treatment
effective.

Vertical drain conducts surface water through impervious soils
to porous strata below.
Fig. 30. vertical drain.

VIII. FARM OPERATIONS THAT AID DRAINAGE
RECLAMATION
Experiments with Drained Land. The plan of drainage plots (Fig.
S) shows the general plan for studying the effect of dfffrent soil treat

ments for improving the drainage qualities of the land included in
the drainage experimental tract on the Station farm. It is planned to
seed the whole field to one crop each year and to employ a three-year
rotation; namely, spring barley, followed by clover, one crop a year,
then a cultivated crop, such as corn. The value of lime, manure, green
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manure, and combinations of these treatments, is to be tried out on
duplicate plots and check plots.
In the new experiment field, the value of straw as compared to
gravel, cost and effectiveness considered, in helping the water to enter
the tile, and the effects of each, will be measured and judged by the
comparative yield and the relative amount of run-off.
Operations that Aid Water in Entering Tile. The following things
can be done to aid the tile in collecting water in retentive soils. (1) In
draining a saucer-like area, lay out the protecting drains so as to collect
seepage water or surface water before it gets onto the retentive soil. (2)
Use surface inlets in the upper side of the field or at points where the

surface water is apt to run onto the heavier soils; also in the lower

points in the field, if necessary, to permit water to pass down into the
drains. (3) After laying and binding the tile, allow the trench to remain
open a few weeks, if possible, so air can come in contact with the subsoil and cause it to slack and crumble, (4) In filling the trench, put in
sod og straw and then the top soil immediately over the tile. Straw
will decay, thereby increasing the open space, whereas gravel may silt
up. Where the grade is steep, however, gravel would protect tile from
washing out better than straw. Put the sticky, sub-surface soil, if it is
used, in the top of the trench. (5) Plow the land deeply when it is dry
enough to crumble. (6) After draining, lime will become more eftective
and will aid in mellowing the soil. (7) Drainage and liming will, in
most cases, make it possible to raise clover on the land. Clover roots
will penetrate the drained soil and will be of great value in loosening
up our valley land so that water can pass through and get into the drains.
(8) Where possible, plow the land so that the dead furrows will fall
directly over and parallel to the laterals, giving the surface a slight slope
toward the laterals. surface water that collects in these dead furrows
will pass into the laterals more readily. If it remains on the surface
temporarily, catch basins can be provided that will aid it in passing into
the drains underneath.
Treatment for White Land. Clover should be grown on heavy land

like our white land about every third year in rotation with grain and
cultivated crops or similar crops. A decidedly large relative outflow has
been observed in the wet season following a clover crop, and on such

fields water has stood to a lesser extent. With manure and clover

plowed under once in each rotation, the yields of these crops on our
white land can be built up to compare very favorably with the naturally
drained brown loam soil in this valley.

Treatment for Peat Land. Peat marshes can be burned off to dispose
of the rank vegetation when there is moisture enough to protect the soil

from burning out. The use of a rush cutter, as shown in Fig. 23, will
facilitate disposing of rushes on low land. This native growth can be
largely replaced by cultivated grasses and clovers to supply pasture and
forage- until the native vegetation is subdued. The cultivated crops may
depend on altitude, but rank-growing crops which are hardy and and re-

sistant to excessive moisture, such as rye, oats, field peas, or barley,
can be used while the sod of the newly broken marsh is decaying. Open
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ditches for laterals will frequently be used during this process (see Fig.

26), and as the marsh settles more permanent drains will be put in,

which can be extended as needed to perfect the drainage, so that more
intensive cultivated truck crops can be grown.
Treatment for Alkali Lands. Alkali land, after being drained, can be
somewhat improved, where water is available, by flushing off accumulated surface salts by late fall irrigation. Shallow open ditches may
help remove heavy alkali crusts. In twlo or three seasons, careful
handling will usually remove the alkali sufficiently so that by deep
plowing hardy crops such as rye or sweet clover can be established. It
may take from one to three years to complete the reclamation of these
lands, depending upon the amount of alkali and the retentiveness of the
soil. Such crops as rye or sweet clover plowed under will supply humus
and nitrogen and loosen up the soil so that moisture conditions may be
more readily controlled. During the process they may provide some
return in the form of pasturage. The alkali lands when thoroughly reclaimed are usually strong in the necessary plant foods and suitable
for alfalfa and the other staple crops of the region.

Fig. 31.

Inlets.

The treatments above described are calculated to assist in loosening

up and aerating the drained soils and to assist water in entering the

drains provided. Legumes and manuring crops suggested will also supply humus and nitrogen, which are ingredients none too plentiful in much
of the white land and irrigated and alkali land. This treatment would
pave the way for cash crops, make it possible to get the highest possible
efficiency out of the drains installed, and render the enterprise thoroughly
successful and profitable.

The Open Ditch for Drainage. The primary object of open ditches
is to afford an outlet for tile drains. The ditch should be deep enough
for the tile outlets i. e., six to eight feet below the general level. The
width should be sufficient to afford the required capacity based on the
slope, area, and run-off coefficient. In no case except in raw peat should
side slopes be steeper than one to one, and in sandy soils it may be
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necessary to use a slope of one to two. The waste bank must be thrown
well back and perhaps leveled. The dredge is used in outlet ditch construction. Suck a ditch is shown in Fig. 28.
It is difficult to provide such ditches except where several landowners are interested and will organize a drainage district. The district law provides that eich parcel of land shall pay in proportion to the
benefits received. It is a businesslike way of accomplishing the drainage of large areas of flat land or where tile outlets are not available.
Large Tile. The present tendency is to use large tile instead of the
small open ditch. A broad, sodded surface run for surface run-off used

in combination with a tile for under drainage is often good practice.
Tile drains as large as twenty-four inches are used. The extra cost of
tile is more than offset by the use of the land over the tile, which is
the best-drained part of the field, and by the saving of cost of maintenance of open ditches. The open ditch costs slightly less at first,
but this is more than offset by the following disadvantages:
(1) It occupies valuable land which, if tiled woul be tillable.
(2). Divides fields, making parts inaccessible.
(s). Harbors weeds, plant diseases, and mosquitoes.
A small open ditch is difficult to maintain.
Requires bridging and fencing in many cases.
Unsightly.

If open ditches are used, some of the disadvantages may be offset
by observing the following principles:
Follow property lines wherever possible.

Construct the ditch of ample size and to a regular grade such
that it will be self-cleaning as far as possible.

Follow straight caurses or regular curves, so as to avoid

trouble from erosion and silting.
Consult a good engineer if the ditch is of any size or length.

DISCHARGE OF WILLAMETTE VALLEY STREAMS
By

FRED F. HENSHAW

Disirict Engineer, United States Geological Survey of Studies in Co
operation with Oregon Experiment Station, Department of Soils.
The Water Resources Branch of the United States Geological Survey
in November, 1920, established four gaging stations on streams in the
Willarnette Valley, the discharges of which are of interest in connection
with drainage enterprises.
Oak Creek has a drainage basin lying almost wholly within the confines of th valley floor, and its discharge can be used in studies of drain
capacities. 'The Calapooia River basin is about equally divided between
valley and foothills. Long Tom River and Muddy Creek draw a larger

portion of their flow from area outside of the valley floor, but both
streams have in places a rather flat and tortuous channel which must
eventually be improved to provide adequate apacities to keep flood

Fig. 32.

Outlet.

waters off their bordering lands. Data in regard to the run-off of each
of these streams are presented below. More complete data can be fur-

nished by the Portland office of the Water Resources Branch of the
United States Geological Survey.
Lotation.

LONG TOM RIVER NEAR MONROE, OREGON
At highway bridge in Sec. 21, T. 14 S., R. 5 W., 14 miles north

of Monroe, below all tributaries.
Drainage Area. 400 square miles, mostly valley and eastern foothills of
Coast Range.
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Channel Capacity. 2,200 second-feet at 7-foot stage above which overflow occurs. Increase about 500 second-feet per foot rise at 7 feet;
1,500 second-feet per foot rise at 10 feet.
Maximum Discharge. Highest stage during winter of 1920-21 was 11.1
feet on December 12, determined from high-water marks, discharge,
6,900 second-feet, or 17.2 second-feet per square mile. Floods of January 1 and 6 reached a stage of 10.3 feet, discharge 5,320 second-feet.
Flood Profile. The following profile of the extreme high water along the

lower portion of the river was obtained by leveling to high-water
mark.
PROFILE OF 1920-21 HIGH WATER ON LONG TOM RIVER
Location

Distance

from mouth
mi.
1LS
5.0
9.2
8.1
5.5

Highway bridge in Monroe

Gage in sec. 21, T. 14, S., R. W.
S. E. 1/4 sec. 16, T. 14 S., R. 5 W.
S. W. 1/4 sec. 10, T. 14 S, 14. 5 W.
Side channel, in S. E. '4, Sec. 34, T. 13 5., R. 5 W.
Total fall 20.7 feet in 6.3 miles or 304 feet per mile.

Elevation of
highwater
ft.
278.7
270.5
267.3
265.4
258.0

Fall
ft.
1.9
3.2

L9
7.4

River channel cannot be ma-

teria]ly shortened.

MONTHLY DiSCHARGE -OF LONG TOM RIVER NEAR MONROE, OREGON. PERIOD
ENDING MARCH 31, 1921.

(Drainage area 400 square miles)
Run-off
Depth

Discharge in second-feet
Month

Nov. 13-30
Dec.

Jan.
Feb.
March

The period

Max.

5,160
6,500
5,320
3,960
2,550

Mm.

168
1,480
1,070
1,190
500

Mean

2,720
2,840
2,880
2,470
1,070

Per sq.

Jili.

6.80
7.10
7.20
6.18
2.68

on drainage area Total
acre ft.
in.
4.55
8.19
8.30
6.44
3.09

30.57

97,100
175,000
177,000
137,000
65,800
652,000

MIJ'DDY CREEK NEAR CORVALLIS, OREGON

Location. At highway bridge in Sec. 29, T. 12 S., R. 5 W., 3 miles south
of Corvallis.
Drainage Area. 120 square miles; mostly foothill area.
Increase
Channel Capacity. 540 second-feet at stage of 10 feet.
about 80 second-feet per foot of rise at 10 feet, 400 second-feet per
foot of rise at 15 feet.
Maximum Discharge. Highest stage recorded during winter of 1920-21
was 15.5 feet on November 19 and December 12, discharge 1,700
second-feet, or 14.2 second-feet per square mile. Flood of January 5
reached a stage of 15.4 feet, or 1,660 second-feet.
Flood Profile. The following profile of the extreme high water along the

lower portion of the river was obtained by leveling to high-water
marks.

44
PROFILE OF 1920-21 HIGH WATER ON MUDDY GREEK
Distance from mouth
Location

Present
channel

Near Bruce station, on Tp. line between

T's 13 and 14, S.

Highbridge in see. 8, T. 13, S., R. 5 W.
Gage at bridge in sec. 29, T. 12 S., K.
5 W.
Mouth

Rectified
channel

Elevation
high
water

Fall
ft.

mi.

mi.

ft.

20.6
10.7

12.7
6.7

258.1
242.9

15.2

3.7

3.0

0

0

234.7
228.2

8.2
6.5

'rotal fall 29.9 feet in 20.6 miles or 1.45 feet per mile. Artificial channel, cutting
out bends, would reduce distance to 12.7 miles,- or 62 percent of original distance.

Pentrates pervious strata and permits thc entrance of water into the

Relief Well:

drainage system that otherwise would penetrate the lower 1.71mg soil,
Fig. 33. Relief well.

MONTHLY DISCHARGE OF MUDDY CREEK NEAR CORVALLIS, OREGON

PERIOD ENDING MARCH 11, 1921.

-

(Drainage area 120 square miles)
Discharge in second-feet
Month
Max.
Nov.
Dec.

1,700
1,580

Tao.

1,620

Feb.
Mar.

The period

-

1.060
1,270

Mm.

15
3613

142
348
130

Mean

428
747
777
700
404

Run.off

Depth on
Per sq. mi. drainage
area
8.52
6.22
6.48
5.88
3.37

in.
3.93
7.17
7.47
6.07
3.88

28.52

Total
acre ft.
25,200
46,000
47,800

38,900
24,800
181,000
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CALAPOOYA RIVER NEAR TANGENT, OREGON

Location of Gage. At highway bridge in sec. 32, T. 12 S., R. 3 W., 4
miles southeast of Tangent, Linu county, 1 mile southeast of bridge
on Pacific H.ighway.
Drainage Area. 262 square miles, about equally divided between flat
valley lands and the foothills of the Cascade Range.
Channel Capacity. 2,000 second-feet at 12-foot stage, increase below this
about 200 second-feet for each foot rise in stage; above 12-foot stage
capacity increases rapidly, reaching 5,300 second-feet at 18-foot stage,
with increase of 1,000 second-feet between 17 and 18 feet.
Maximum Dlscharge. Highest stage recorded during winter of 1920fr2l
was 17.4 feet at 8 a. m., December 31, discharge 4,700 second-feet or
17.9 second-feet per square mile. Flood of December 11 reached a

stage of 17.0 feet, discharge 4,300 second-feet, that of January 5,

17.2 feet, discharge 4,500 second-feet.
Flood Profiles. The following profile for the extreme high water of
1920-21, was obtained by leveling to high-water marks.
PROFILE OF 1920-21 HIGH WATER ON CALAPOOYA RIVER
Location

mile north of Tp. line, 9, 5. 14
sea. 32, T. 12 s., a. 3 W.
Gage, in sea. 32, T. 12 S., H. 3 E.
1/

Railway bridge in See. 30 T. 12 S.,
S.,

11.

3 W.

Highway bridge 2 mi. west of Tangent, N. W. 1/4 sec. 14, T. 12 S.,
R. 4 VT.

Highway bridge one-half mile S. N. of

Gray, S. VT. 14 sec. 35, T. 11 5.,

R 4 W.

Distance from mouth
Present Rectified
channel
channel
mi.
mi.

Elevation

at high
water

Fall

ft.

ft.

24.2

15.1
14.3

252.5
252.2

.3

21.7

12.2

243.7

8.5

14.0

9.1

229.9

13.8

10.8

6.8

220.8

9.1

25.0

1 ml. S. E. of Pirtle N. W. 14 sec.
10.0
210.8
5.0
28, T. 11 S., 11. 4 W.
6.3
Bridge on Albany.Corvallis road, N.
197.1
13.7
2.5
2.2
M. 14, sec. 13, T. 11 S., H. 4 W.
Total fall 55.4 feet in 22.7 miles by present channel, or 2.44 feet per mile. Artificial
channel, cutting off bends would reduce distance to 12.9 miles or 37 percent of original
distance.

MONTHLY DISCHARGE OF CALAPOOYA RIVER NEAR TANGENT, OREGON

PERIOD ENDING MARCH 31, 1921.

(Drainage area 262 square miles)
Discharge in second-feet
Month

Nov. 27.30
Dec.

Jan.

Feb.
March

The period

Max.

Mm.

Mean

2,980
4,570
4,390
3,840
2,710

1,310
808

2,170
1,980

856

1,900
2,010

352

991

Run-off

Per sq. ml.
8.29
7.56
7.25
7.67

3.78

Depth on

Total

dearnage aTea

in.
1.23
8.72

8.36
7.99
4.36
30.66

acre ft.

172,000
122,000
117,000
112,000
60,900
429,000
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OAK CREEK NEAR ALBANY, OREGON

Location. At highway bridge, one mile south of Fry station on Lebanon
branch of Southern Pacific Railroad, 5 miles southeast of Albany,
and same distance above mouth, in N. W. '/ sec. 34, P. 11 S., R. 3 W.
Drainage Area. 39 square miles; at least 80 percent of which lies within
the valley floor.
Channel Capacity. 660 second-feet at 5-foot stage, increasing 240 per foot
rise, two channels at gage, but no considerable overflow.
Maximum Discharge. Highest stage recorded during winter, 5.7 feet
Nov. 19, discharge 835 second-feet or 21.4 second-feet per square
mile.

Precipitation. This stream affords a rough comparison between precipi-

tation on Willamette Valley areas and -the run-off which it causes.
The station at Albany gives a close approximation of the rainfall
over the valley portion of the basin. The foothill portion will receive an amount possibly 25 percent greater; which would make the
average for the basin 5 to 10 percent greater than at Albany. On
this basis the run-off from Nov. to March inclusive, was about 63
percent of rainfall.
MONTHLY DISCHARGE OF OAK CREEK NEAR ALBANY, OREGON

FOR PERIOD ENDING MARCH 31, 1021.

(Drainage area 39 square miles)
Discharge in second-feet
Month
Max.

-

March

Mean

Depth on
Per sq. mi. drainage
area

78.1
222
178
174
83.4

4

70
45
32
11

'the period

2.00
5.69
4.56

223

2.14

247

4,650
13.600
10,900
0,660
5,130
43.900

6.56
5.26
4.64
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21.16

-

Total

acre ft.

in.

'60
660
685
496
440

Nov.
Dec.

Jan.
Feb.

Mm.

Run.off

Precipi tation at
Albany
5.53
7.75
6.72
6.59
4.82
31.41

INCHES RAINFALL AND AVERAGE MONTHLY PERCOLATION BY SOIL TYPE
OREGON AGRICULTURAL COLLEGE EXPERIMENT STATION, DEPARTMENT OF SOILS..
-

Lysimeters 3'xI1'x4' deep
Percolation

Month
Nov.
Dee.

Jan.
Feb.

Rainfall
in.
4.90
7.97
7.15
5.38

4.23
Total
29.61
Percent Run-off

Mac.

Brown silt loam
in.

2.31
6.39
7.19
5.82
3.10

2481

83.80

Silty clay loam
in.
2.33
7.49
6.84
4.99
3.13
24.78
83.5

The following observations have been noted:
(1). Willsmette has a total water-holding capacity of 15 to 20 percent greater than

Dayton.

-

Dayton will discharge at a rate 15 to 20 percent greater than the Willarnette at
the time of the maximum rim-off.
Willamette will discharge more steadily and continue an appreciable discharge
for a longer time than the Dayton. The Dayton is more spasmodic than the Willainette.
There is reason to believe that these conclusions obtain under field conditions to the
extent shown by the experimental data.
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OUTFLOW DATA, EXPERiMENTAL TiLE DRAINS, OREGON AGRICUL
TIJEAL COLLEGE EXPERIMENT STATION, CORVALLIS
Acre inches per acre per 24 hrs.
Rainfall for period
10 Ac. Pr.
130 Ac. Tr.

Date
1920

Nov. 30
Dec.

7

11
I4
21
28
1921

Jan.

-

4

11
18
21
29

Feb.

8

20
26

Mar.

4

..

16
23
30

) Wier flooded. ® Estimated.

.072
.029
.685
.176
.082
.036

.076
.160
.460
.140
.170
.318

.152
.055
.227
.069
.306
.194

.223
.166
.305
.112
.318
.230
®1.910
.160
.013

.055
.035

c.1530
.100
.024

.191
.160

